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PREFACE 

We  undertook  in  this  thesis  to  carry  further 
the  investigation  as  started  by  Bentley  and  Stern 
in  their  thesis  of  last  year.  The  work  done  by 
them  served  to  break  the  ground  and  to  point  out 
the  general  direction  of  our  own  endoavors,  and 
consequently  their  efforts  have  been  carefullir 
studied  and  the  data  concerning  their  best  results 
.have  been  used  as  a  foundation.  Upon  this  basis 
we  have  carried  the  work  forward  so  far  as  time 
would  permit  and  to  the  best  of  our  ability. 

This  thesis,  representing  the  results  of 
our  own  investigation,  we  now  respectfully  submit 
to  the  President  and  Faculty  of  Armour  Institute 
of  Technology. 

We  wish  to  express  otir  appreciation  to 
Professor  Harry  McGorraack  and  the  Faculty  of  the 
Chemical  Department  for  their  suggestions  offered 
in  connection  with  our  work,  and  to  Mr.  Bentley 
for  his  advice  and  invaluable  assistance. 

Signed 


T^jp^^y-i?-;^^ 


^836 


ii, 


INDEX 

Preface  i 

Statement  of  Thesis  Problems  1 

Discussion  of  Thesis  Problem  2 

Pretreatment  of  Materials  Used  4 

Apparatus  7 

Method  of  Analysis  8 

Experimental  Work. 

Preparation  of  Zinc  Nitride  10 

Formation  of  Alloys  17 

Conclusions  22 

Bibliography  25 


1. 


STATEMENT  OF  THESIS  PROBLaiS. 

This  thesis  was  resolved  into  three  dis- 
tinct pliases,  namely: 

To  produce  zinc  nitride  in  such  a  manner  that 
it  could  be  readily  applicable  to  commercial 
enterprize; 

To  study  the  properties  of  zinc  nitride,  rela- 
tive to  finding  a  field  of  usefulness,  whereby 
the  product  can  be  utilized  without  undue 
losses; 

To  prepare  and  study  the  alloys  of  zinc  -  zinc 
nitride,  with  the  expectation  of  effecting  a 
complete  change  in  the  physical  properties  of 
metallic  zinc. 
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DISCUSSION  OF  THESIS  PROBLEMS. 

Bentley  and  Stern  in  their  thesis  on  the 
preparation  of  zinc  nitride  made  an  exhaustive 
study  of  the  various  laboratory  methods  of  pre- 
paring the  nitrides;  and  made  numerous  runs  to 
determine  the  most  favorable  conditions  for 
the  formation  of  zinc  nitride* 

We  decided  to  take  the  results  of  their 
experiments  and  to  prepare  the  zinc  nitride 
under  the  conditions  that  had  proved  most  ad- 
vantageous. 

Inasmuch  as  our  problem  was  not  of  the 
purely  qualitative  nature,  we  thought  it  profit- 
able to  keep  in  mind  the  conditions  necessary  to 
the  commercial  production  of  the  product.  With 
this  end  in  view,  we  undertook  to  utilize  the 
chemicals  as  produced  in  the  industries  without 
undue  and  expensive  purification. 

The  production  of  zinc,  at  the  present  time, 
is  restricted  not  by  the  ore  deposits  or  the 
difficulties  in  recovery,  but  by  its  rather 
limited  field  of  usefulness;   the  galvanising 
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and  alloy  industries  taking  practically  the 
whole  output.  It  is  practically  impossible  to 
machine  or  work  ordinary  zinc  owing  to  its 
brittleness  and  large  crystalline  struct-ore. 
The  idea  has  been  conceived,  that  by  dissolving 
varying  proportions  of  zinc  nitride  in  zinc,  a 
series  of  alloys  could  be  formed  whose  proper- 
ties would  permit  its  being  machined. 

If  such  a  series  of  alloys  are  possible, 
they  will  open  up  an  entirely  new  field  for 
zinc« 


Pretreatraent  of  Diaterials  Used 
in  the  Production  of  Zinc  Witride. 

The  main  obstacle,  from  work  done  previous 
to  our  attempt  to  produce  zinc  nitride,  seemed 
to  be  in  the  preparation  of  the  zinc.  Zinc 
comes  commercially  in  various  forms,  the  so- 
called  zinc  dust  being  the  most  suitable  for 
nitriding.  Zinc  dust  is  a  gray  powder  contain- 
ing about  10^  zinc  oxide  as  a  fine  coating  on 
the  zinc.   It  is  in  the  removal  of  this  oxide 
that  the  difficulties  arise. 

Bentley  and  Stern  removed  the  oxide  by 
washing  the  zinc  dust  with  a  solution  of  ammonium 
hydroxide  and  ammonium  chloride,  alcohol  and 
ether,  in  the  order  named.  Then  it  v;as  dried 
carefully  in  an  atmosphere  of  nitrogen,  and 
loaded  into  the  furnace.  As  this  method  could 
not  be  carried  out  commercially  owing  to the  exces- 
sive cost  of  handling  and  the  skill  required;  we 
decided  to  reduce  the  oxide  in  the  fxirnace  with  a 
current  of  hydrogen.  A  test  run  made  by  Bentley 
and  Stern  in  this  way  yielded  35.8/^  zinc  nitride. 
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The  anmonia  used  was  the  commercial  product 
of  Armour  ^  Company;  the  nitrogen  from  the  Linda 
Air  Products  Company;  and  the  hydrogen  from  the 
Burdett  Oxygen  &  Hydrogen  Company • 

We  decided  to  purify  the  gases  used  to  a 
certain  extent  using  chemicals  that  would  not 
be  prohibitive  commercially.  The  absorbent 
trains  consisted  of  the  following: 

Ammonia:   safety  bottle  and  two  drying  tubes 

containing  soda  lime. 

Nitrogen:   Potassium  hydroxide  solution, 

sulphiirio  acid,  and  a  drying  tube  of  calcium 

chloride. 

Hydrogen  was  passed  through  the  nitrogen 

train,  in  this  case  the  train  being  used  to 

provide  a  means  of  regulating  the  flow  of 

gas. 

The  second  unit  of  our  apparatus  consisted 
of  an  electric  furnace  which  held  the  silica 
tube.  Porcelain  boats  containing  the  zinc  dust 
were  placed  in  this  tube;  and  a  pyrometer  was 
fitted  in  one  end. 
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We  had  rheostats  so  connected  with  the 
furnace  that  a  temperature  of  400°  C,  or  600*^0, 
could  be  held  with  practically  no  variation. 

The  gas  after  coming  through  the  furnace 
was  passed  through  a  safety  bottle,  and  finally 
absorbed  in  a  dilute  hydrochloric  acid  solution, 
thereby  keeping  an  excess  from  the  air. 


APPARATUS 

A  Brown  electric  recording  pyrometer,  high 
resistance,  with  a  temperature  range  from  0  to 
1600°  Centigrade  was  used  in  our  work.  The 
temperature  could  be  coaiputed  within  two 
degrees. 

Throvighout  the  runs  we  used  a  Ho  skins 
Electric  Furnace,  110  volt,  5  amperes. 

The  thermo-couple  used  was  made  of  Platinum- 
Plat  inum-Rhodiutn.  Protection  against  the  action 
of  zinc  and  ammonia  was  effected  by  enclosing 
the  thermo-couple  within  a  porcelain  tube. 
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METHODS  OF  ANALYSIS  FOR  NITROGEN. 

Weigh  out  0.2  gram  sample  of  the  nitride 
or  1*0  gram  sample  of  the  metallic  zinc.   In- 
troduce it  into  a  Kjeldahl  flask,  add  15  cc» 
concentrated  sulphuric  acid  and  warm  under  hood. 
If  all  the  sample  does  not  dissolve,  dilute 
with  water  and  boil  until  no  particles  can  be 
observed.  Cool,  dilute  to  300  cc.  and  place  on 
a  nitrogen  free  still,  which  has  recently  been 
cleaned.  Add -phenol-phthalein  and  make  alkaline 
with  cold  concentrated  caustic  soda  solution, 
catching  the  evolved  gases  in  an  Erlenmeyer 
flask  containing  25  cc,  N/10  hydrochloric  acid. 

Distill  over  at  least  one-third  of  the 
volume  and  titrate  with  N/10  sodium  hydroxide, 
using  phenol-phthalein  as  an  indicator.  Methyl 
orange  can  be  used  as  an  indicator,  but  we  found 
it  to  give  a  much  less  satisfactory  end  point. 

The  reaction  of  sulphuric  acid  with  nitrides 
as  proven  by  Farner  is: 

Zng  Ng  +  4H2SO4 — >-(NH4)2  SO^  +  3Zn  SO 
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EXPERir^ffiNTAL  WORK. 
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Run  No.  1. 

We  filled  three  alundum  boats  three-quarters 
full  of  zinc  dust  in  such  a  way  so  as  to  expose 
as  much  surface  as  possible  to  the  passing  gases, 
sealed  all  connections,  and  put  a  maximum 
current  through  the  furnace.  We  cut  in  hydrogen 
with  a  rapidity  of  about  four  bubbles  per  second. 
Hydrogen  was  passed  diiring  the  time  the  tempera- 
ture was  rising  to  400*^  and  for  thirty  minutes 
at  this  temperature.  The  temperature  was  finally 
brought  up  to  600°,  substituting  the  current 
of  hydrogen  for  ammonia  as  it  passed  500°.  We 
held  the  charge  at  600°  for  thirty  minutes. 
Keeping  the  charge  in  an  atmosphere  of  ammonia, 
the  silica  tube  containing  the  charge  was  with- 
drawn and  cooled  as  rapidly  as  possible. 

The  product  was  withdrawn  from  the  silica 
tube  after  its  temperat\ire  had  fallen  to  about 
20°.  The  product  was  gray  in  color,  with  some 
yellow  powder,  ZnO,  on  top.  The  product  upon 
analysis  gave  32.8^  Zn^Ng* 
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Discussion  of  Run  No.  1, 

We  found  that  a  considerable  quantity  of 
our  zinc  charge  volatilized  at  600®,  and 
solidfied  in  small  globules  of  pure  zinc  on  the 
pyrometer  and  sides  of  the  silica  tube  diiring 
the  run.  We  took  note  of  the  formation  of  the 
metallic  zinc  at  the  point  and  later  on  in- 
vestigated the  composition  of  these  formations. 
Analysis  showed  Ofo   N. 

The  brown  powder  v/hich  formed  on  top  of  the 
zinc  nitride  was  brought  about  by  the  impurities 
in  the  ammonia  which  had  not  been  taken  out.  As 
zinc  nitride  decomposes  faster  at  the  higher 
temperatures  we  believe  that  the  greater  the 
rapidity  with  which  the  product  is  cooled  down 
the  larger  the  yield  of  nitride. 
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Run  No,  2  With  Purified  Gases. 

This  run  was  made  to  see  what  effect  the 
elimination  of  oxygen  from  the  gases  would  have 
upon  the  quantity  of  zinc  nitride  formed. 

A  fresh  solution  of  alkaline  pyrogallate 
was  added  to  the  absorbent  trains  to  take  out 
whatever  oxygen  may  have  been  present  in  the 
gases,  in  other  respects  the  run  was  similar  to 
the  previous  ones.  Hydrogen  was  passed  for 
thirty  minutes  at  400°,   ammonia  for  thirty 
minutes  at  600*^,  and  then  nitrogen  was  passed 
through  during  the  cooling  period.   We  believed 
the  nitrogen,  after  the  elimination  of  oxygen 
to  be  a  purer  product  than  the  ammonia. 

The  first  and  second  boats  contained  a  uni- 
form powder  very  dark  gray  in  color.  The  third 
and  furthest  boat  contained  zinc  globules  and 
a  light  brown  powder  containing  no  nitrogen. 

Analysis  of  the  dark  powder  gave 
42.7^  ZnsNg. 
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Discussion  of  Run  No,  2. 

This  run  clearly  shows  that  a  higher  yield 
may  be  obtained  by  using  purified  gases.  We 
have  not  been  able  to  explain  the  oxide  that 
appears  in  the  last  boat  of  every  run,  except 
that  it  may  be  due  to  a  higher  temperature 
being  maintained  at  this  point  owing  to  the 
flow  of  the  gases  through  the  tube. 


14. 


Run  No,  3, 

This  rxrn  was  undertaken  to  determine  what 
effect  an  intimate  mixture  of  ammonia  and  zinc 
dust  would  have  upon  the  yield,  without  any 
pre treatment  of  the  dust* 

We  took  a  large  hard  glass  test  tube  and 
introduced  zinc  dust  to  the  depth  of  two  inches; 
the  ammonia  being  directed  in  through  a  glass 
tube  extending  to  the  bottom  of  the  charge. 
Upon  escaping,  the  gas  passes  up  through  the 
charge  mixing  thoroughly  with  it.  The  gas  then 
passes  through  a  safety  bottle  and  is  absorbed 
in  an  acid  solution. 

While  constantly  shaking  we  brought  the 
temperature  up  to  a  very  dull  red,  and  held  the 
charge  at  this  point  for  thirty  minutes.  The 
mass  was  then  allowed  to  cool  while  still  passing 
ammonia. 

A  second  run  was  made  with  a  temperature 
lower  than  that  of  the  previous  run.  The  charge 
was  not  allowed  to  become  dull  red. 
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Analysis  of  the  two  runs  gave  the  same 
results: 

Run  A 9,5fo   Zn^Ng 

Run  B 9.5^  ^^3^2 

Discussion  of  Runs. 

Dtiring  the  preliminary  heating  of  the  zinc 
dust,  we  noted  a  considerable  amount  of  v/ater 
condensing  in  the  tube  and  connections.   We 
took  care  to  completely  eliminate  this  before 
increasing  the  temperature. 

The  dust  became  darker  at  first  with  the 
increase  in  temperature.  Then  as  the  dull  red 
her.t  was  held,  it  started  to  turn  yellow.  At 
this  temperature  the  rate  of  decomposition  of 
the  nitride  was  greater  than  that  of  formation. 

In  the  second  run  the  dust  gradually  became 
darker  and  then  remained  constant. 

In  both  cases,  however,  the  yield  was  the 
same,  showing  that  there  is  a  constant  factor 
for  the  materials  and  conditions  as  used.  Con- 
sidering that  no  pre treatment  had  been  given  the 
zinc  dust  we  are  of  the  opinion  that  an  intimate 
mixture  will  facilitate  the  operation. 


PROPERTIES  OF  ZINC  NITRIDE. 

In  our  work  on  the  properties  of  zinc 
nitride,  we  were  unable  to  work  with  the  pure 
substance  as  our  highest  yield  was  42,7^  zinc 
nitride,  and  all  efforts  to  purify  it  further 
failed. 

We  are  of  the  opinion  that  zinc  nitride 
when  procured  in  the  pure  state  will  be  black 
in  color.   Our  products  showed  that  the  higher 
the  state  of  purity  the  darker  the  color  became, 
varying  from  a  yellow  to  a  very  dark  gray. 

Zinc  nitride  slowly  decomposes  in  the  air 
giving  a  decided  odor  of  ammonia.  Even  after 
washing  with  alcohol  and  ether,  the  odor  of 
ammonia  still  remains.  This  is  due  to  a  slow 
hydrolysis.  The  nitride  itself  is  not  dissolved 
in  water,  but  slowly  hydrolizes  when  under  water 
giving  an  alkaline  reaction.   In  dilute  acid 
solutions,  however,  the  nitride  readily  dissolves 
to  form  the  ammonium  salt  of  the  acid. 
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ALLOY  K-:?ERIMENTS. 

Rvui  No,  1. 

In  this  run  we  decided  to  utilize  granulated 
zinc  to  dissolve  the  nitride.  Using  an  alundum 
boat,  we  placed  it  in  a  layer  of  granulated  zinc, 
then  a  layer  of  nitride  and  finally  a  covering 

of  zinc* 

We  placed  the  boats  in  the  furnace  and 
brought  the  temperature  up  to  440°  which  we  held 
for  twenty  minutes  under  a  current  of  hydrogen. 
The  charge  was  withdrawn  when  about  20°. 

This  run  gave  us  no  alloy,  the  zinc  had 
failed  to  melt.  The  nitride  had  decomposed  to 
a  yellow  powder,  a  strong  odor  of  ammonia  being 
detected  dtiring  the  run. 

Run  Ko.  2. 

We  thoroughly  mixed  granulated  zinc  with 
the  zinc  nitride  in  an  alundum  boat,  placed  it 
in  a  furnace  at  500°  for  twenty  minutes.  This 
time  we  passed  nitrogen  through  the  furnace  in 
place  of  hydrogen  as  in  the  previous  experiment. 
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The  resulting  product  appeared  practical- 
ly the  same  as  the  original  charge  except  that 
the  zinc  had  melted  to  a  slight  degree.  There 
v/as  no  mixtxire  of  the  two  substances,  no  odor 
of  ammonia  was  detected  during  this  run. 

Run  No,  3. 

While  granulated  zinc  gives  a  more  intimate 
mixture,  it  contains  too  much  oxide  to  flow 
when  melted.  Therefore,  in  this  run  we  placed 
a  stick  of  zinc  over  the  nitride  in  the  boat. 

We  passed  a  current  of  hydrogen  through 
the  furnace,  while  bringing  the  charge  up  to 
400°;  at  this  point  we  discontinued  the  hydrogen, 
substituting  ammonia,  then  increasing  tempera- 
ture to  600°,  which  we  held  for  thirty  minutes. 
The  charge  was  cooled  down  to  20°  in  an  atmos- 
phere of  ammonia. 

The  resulting  product  showed  no  evidence 
of  the  molten  zinc  having  mixed  with  the 
nitride. 

Upon  analysis,  this  run  gave  Ofa   nitrogen. 
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Run  No,  4. 

From  the  previous  runs  we  decided  the 
remaining  obstacle  was  to  intimately  mix  the 
nitride  with  molten  zinc. 

The  conditions  for  this  run  were  similar  to 
those  of  Run  No,  3,  with  the  exception  that  the 
molten  mass  was  constantly  stirred  during  the 
run. 

Analysis  of  product  gave  0%   nitrogen. 

Run  No,  5. 

Zinc  nitride,  wrapped  in  zinc  foil  was 
dropped  into  molten  zinc  just  above  the  melting 
temperature  and  continually  stirred  under  the 
surface.  As  the  zinc  foil  melted,  the  nitride 
rose  to  the  surface  where  it  was  slowly  de- 
composed, turning  yellow. 

Analysis  of  the  run  gave  . 025^^3  nitrogen. 

Run  No.  6. 

We  melted  zinc  in  a  rose  crucible  then 
passed  ammonia  through  the  molten  mass  utilizing 
the  carbon  covering  as  in  previous  runs.  We 
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allowed  the  charge  to  cool  in  an  atmosphere  of 
amcionia  • 

This  bar  upon  analysis  gave  ,063^  nitrogen. 
Upon  examination  proved  to  have  the  same 
characteristics  as  pure  zinc.  The  crystals  were 
of  the  same  size  and  character.  Upon  boring 
the  sample  it  acted  exactly  like  the  pure  metal, 
Brinell  Piardness  tests  were  made,  and  checked 
the  figure  for  metallic  zinc  at  38  -  40, 

We  came  to  the  conclusion  that  the  nitride 
present  if  any,  was  in  the  form  of  a  mechanical 
mixture . 

R\in  No,  7, 

Other  methods  having  failed  to  give  any  ab- 
sorbtion  of  the  nitride  in  the  zinc,  we  sought 
to  make  the  nitride  in  the  zinc.   In  such  a  case, 
if  there  is  any  absorbtion,  it  ought  to  take  place 
by  this  method. 

Kirschbaum  and  White  in  their  work  at  the 
University  of  7/isconsin,  succeeded  in  making  zinc 
nitride  by  passing  ammonia  through  molten  zinc 
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at  6OOO  c.  The  nitride  was  collected  from  the 
surface  of  the  zinc  and  the  sides  of  the  tube. 

We  melted  zinc  in  a  hard  glass  test  tube, 
passed  ammonia  throxigh  a  glass  rod  and  caused 
it  to  bubble  up  through  the  molten  zinc.  The 
ammonia  was  passed  for  thirty  minutes  at  the  end 
of  which  time  the  sides  of  the  test  tube  were 
covered  with  a  deposit  of  zinc  nitride.  The 
glass  rod  was  withdrawn  from  the  tube  and  the 
zinc  allowed  to  cool  under  an  atmosphere  of 
ammonia. 

Two  such  runs  were  made  and  turning  of 
each  zinc  bar  taken  as  a  sample. 

Analysis  showed  that  there  was  no  nitride 
dissolved  in  the  zinc.  Of,   nitrogen. 
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CONCLUSIONS.  I 

The  results  of  our   various  attempts  to 
produce  zinc  nitride  have  led  us  to  believe 
that  the  manufactiire  is  possible  on  a  large 
scale  using  hifdrogen  and  ammonia  gases.  The 
ammonia  gas  would  have  to  be  a  purer  product 
than  that  produced  commercially,  as  the  slightest 
oxide  or  moistxire  present  leads  to  the  de- 
composition of  the  nitride.  Means  would  also 
have  to  be  provided  for  a  thorough  mixing  of 
the  gases  and  zinc  dust,  and  a  further  study 
made  as  to  the  proper  temperatures  required. 
As  the  temperature  rises,  there  is  a  dif- 
ferential action  between  the  rate  of  formation 
and  the  rate  of  decomposition  of  the  nitride. 
%ile  600°  C.  was  the  best  temperature  for  our 
experiments,  under  another  set  of  conditions  a 
lower  temperature  would  probably  be  better. 

In  working  on  the  alloy ws,  only  twice  did 
we  get  any  nitrogen  into  the  metal;  and  then  it 
was  in  very  small  quantities,  around  .05^a 
nitrogen. 


/.   V 
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Upon  studying  the  physical  properties  of 
these  metals,  we  found  them  to  be  identical 
with  those  of  zinc.  Whereas  upon  romelting, 
the  percent  nitrogen  v/as  lowered,  we  concluded 
that  the  nitride  was  present  as  a  mechanical 
mixtiye  and  not  dissolved  in  the  zinc. 

Therefore,  we  do  not  think  it  feasible  to 
produce  a  series  of  zinc -zinc  nitride  alloys. 
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